MurripLEX PCR FOR SPECIES DISCRIMINATION OF PARAGONIMUS

1 2 3 4

Fig 2- Results of PCR amplification of DNA from P.
westermani (lanes 1 and 2) or P. miyazakii (lanes 3
and 4) metacercariae using the P. westermani-specific
PwF1 (lanes 1 and 3) and P. miyazakii-specific PmF1
(lanes 2 and 4) primers. A 100-bp DNA ladder was
used to estimate the size of the fragments.

consensus primer set 3S-A28 (Sugiyama et al, 2002).
These two consensus primers as well as the two species-
specific primers, PwF1 and PmF1, were all incorporated
into single tubes, and PCR amplification was then carried
out. As aresult, two PCR products of about 520 bp and
140 bp were amplified from P. westermani DNA and
products of about 520 bp and 300 bp were amplified
from P. miyazakii DNA (Fig 4). In addition, we found
that only the 520-bp product was amplified from P
ohirai DNA (Fig 4). The amplified PCR products were
sequenced, and we confirmed that they corresponded
to the ITS2 regions of IDNA from the respective species.

The sensitivity of the established multiplex PCR
system was tentatively determined by titration of the
DNA. The lowest concentration of P. westermani, P.
miyazakii and P. ohirai DNAs that produced PCR
products was estimated to be 0.001 ng (figure not
shown). This is equivalent to approximately 107 of
the total DNA isolated from a single metacercaria.

DISCUSSION

In the present study, we developed a multiplex PCR
system that allowed us to identify P. westermani and
P. miyazakii, and discriminate them from other
Paragonimus species at the metacercarial stage in a
single tube reaction. By this system, species-specific
bands of different sizes were produced from P.
westermani DNA (140 bp) and P, miyazakii DNA (300
bp). At the same time, interspecies-conserved bands
(520 bp) were generated from DNAs prepared from
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1 2 3

Fig 3- Results of multiplex PCR amplification of DNA from
P, westermani (lane 1), P. miyazakii (lane 2) or P. ohirai
(Iane 3) metacercariae using the two species-specific
primers, PwF1 and PmF1, in combination with the
consensus reverse primer, A28. A 100-bp DNA ladder
was used to estimate the size of the fragments.

1 2 3

Fig 4- Results of multiplex PCR amplification of DNA from
P. westermani (1ane 1), P. miyazakii (1ane 2) or P. ohirai
(lane 3) metacercariae using the two species-specific
primers, PwF1 and PmF1, combined with the
consensus primer set, 3S and A28. A 100-bp DNA
ladder was used to estimate the size of the fragments.

metacercariae of all the three species examined, P,
westermani, P. miyazakii and P. ohirai. The PCR
products of about 520 bp could serve as an internal
control for the integrity of the PCR reaction and might
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function as a diagnostic reagent for genus identifica-
tion. The consensus primers, 3S-A28, were previously
used to amplify the ITS2 region from P. ohirai adult
DNA (Blair et al, 1997).

From the high sensitivity of the multiplex PCR
system, we speculated that it has the potential to be
used for species identification and discrimination of
eggs of lung flukes, the life cycle stages with
particularly small sizes. In addition, the eggs of P.
westermani (the diploid type) and P, miyazakii are quite
similar in size and shape (Miyazaki, 1991), and
therefore it is quite difficult to differentiate the species
of individual eggs using morphological characters. As
the eggs in the feces or sputa from patients represent
the parasite stage for which diagnostic tests are most
often requested, Studies are underway to elucidate the
established multiplex PCR system for this purpose.
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ABSTRACT. Brackish water crabs infected with Paragonimus ohirai metacercariae have been reported in various regions in Japan. How-
ever, infected crabs have not been identified in Tokyo. We therefore collected the crab, Chiromantes dehaani, between August 2002
and July 2003 from 12 locations along the Arakawa River that flows through Tokyo. Of the 922 captured crabs, 177 (19%) from 6 loca-
tions were infected with Paragonimus metacercariae. The prevalence of metacercariae at these 6 locations ranged from 5 to 89%. The
number of metacercariae per infected crab ranged from 1 to 190, with an average of 13.1. The morphological features of the metacer-
cariae and of adult worms recovered from test rats infected with metacercariae showed that the metacercariae in the infected crabs were
P. ohirai Miyazaki, 1939. The ITS2 sequence data support this conclusion. This paper is the first description of P. ohirai infection of

crabs in Tokyo.

KEY WORDS: brackish water crab, Chiromantes dehaani, geographical distribution, lung fluke, Paragonimus ohirai.

Paragonimus metacercariae of an unknown species were
isolated from brackish water crabs in Kumamoto Prefecture,
Japan [5]. The novel species was subsequently named P.
ohirai Miyazaki, 1939 according to the morphological fea-
tures of metacercariae and adult worms from infected test
mammals [6]. Since this discovery, brackish water crabs
infected with P. ohirai metacercariae have been found in
various regions of Japan [7, 8]. However, with respect to the
Kanto district, P. ohirai metacercariae have been confirmed
only in crabs found in the Boso area of Chiba Prefecture [3,
13].

Although crabs infected with P. ohirai have not been
identified in other areas of the Kanto district, adult P. ohirai
worms were detected in a stray dog that died in Bunkyo
Ward, Tokyo, about 50 years ago [4]. The source of this
canine infection remains unknown. We extensively sur-
veyed the distribution of P. ohirai metacercariae in brackish
water crabs at several locations along the Arakawa River
that flows through metropolitan Tokyo.

MATERIALS AND METHODS

Isolation and examination of Paragonimus metacercar-
iae: Between August 2002 and July 2003, we collected 922
brackish water crabs (Chiromantes dehaani, the second
intermediate host of P. ohirai; formerly referred to as
Sesarma dehaani or Holometopus dehaani [9]) from 12
locations along the banks of the Arakawa River in Tokyo.
To examine crabs for Paragonimus metacercariae, we
removed the carapace and then excised and compressed the
midgut gland between two 10 X 6 cm glass plates. The pres-
ence of metacercariae was examined under a stereoscopic
microscope. The compressed tissues were recovered using

J. Vet. Med. Sci. 66(8): 927-931, 2004

teasing needles or a spatula and then suspended in artificial
gastric juice consisting of 1 g of pepsin (Sigma Aldrich
Japan, Tokyo, Japan) in 1 / of 0.7% hydrochloric acid. The
digest was filtered through 60-mesh wire sieves with a little
water. The sediment in the filtrate was repeatedly washed
with 0.4% NaCl and poured onto a watch glass. Metacercar-
iae in the sediment were placed on glass slides and pressed
slightly under a coverslip for morphological observations
and measurements.

Adult worms from test rats: We infected 4 male Wistar
rats with metacercariae to raise them to adult worms. The
rats were necropsied 42 to 70 days after infection to recover
worms from the lungs and pleural cavities. Recovered
worms were compressed between two glass slides, fixed in
70% alcohol, stained with borax carmine and mounted with
Canada balsam for morphological observations and mea-
surements.

DNA amplification and sequencing of the ITS2 region:
The ribosomal DNA ITS2 region from two metacercariae
isolated from each of the 6 positive locations was amplified
by PCR and sequenced as described [10]. The primers used
were 3S: 5’-GGTACCGGTGGATCACTCGGCTCGTG-3’
(forward) and A28: 5’-GGGATCCTGGTTAGTTTCTTTT
CCTCCGC-3’ (reverse). We aligned and compared
sequences using the GENETYX-WIN (ver. 4.0, Software
Development Co., Tokyo, Japan) program.

RESULTS

Prevalence, amount and infection intensity of P. ohirai
metacercariae in crabs: We identified Paragonimus meta-
cercariae in 177 (19%) of the 922 crabs collected at the fol-
lowing locations: Senju in Adachi Ward, Yahiro in
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Fig. 1. Map of central Japan. (A) Area examined in this study is eastern Tokyo. (B) Details of study area showing locations where
brackish water crabs, C. dehaani, were collected. Closed circles, locations of crabs infected with P. ohirai; open circles, locations of
uninfected crabs; star, Hakusan (formerly Koishikawa-Hara-machi) in Bunkyo Ward, where a stray dog infected with P. ohirai died
about 50 years ago.

Table 1. Prevalence, amount and infection intensity of P. ohirai metacercariae in C. dehaani crabs from locations along the

Arakawa River in Tokyo
L ) No. of crabs % Total no. of me® No. of mc per infected crab
t .
ocation Examined  Infected infected detected Range Average

Itabashi Ward Funato 139 0 - - - -
Kita Ward Akabane 27 0 - - - -
Adachi Ward Kohoku 75 0 - - - -

Umeda 93 0 - — - -

Senju 36 3 8 3 1 1.0
Sumida Ward Yahiro 110 86 78 858 1-64 10.0
Katsushika Ward Yotsugi 37 33 89 1,085 1-190 329

Higashi-Yotsugi 50 35 70 310 1-159 8.9

Nishi-Shinkoiwa 60 3 5 13 1-11 43
Edogawa Ward  Nishi-Kasai 58 17 29 42 1-10 25

Hirai 76 0 - - - -
Koto Ward Shinsuna 161 0 - - - —
Total 922 177 19 2,311 - 13.1

a) Metacercariae.
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B

Fig. 2. Morphology of a metacercaria. (A) Photomicrograph of a
fresh P. ohirai metacercaria encysted with a thin outer (O) and
a thick inner (I) cyst wall, attached to the liver of the crab host.
(B) Photomicrograph of the oral sucker of encysted metacer-
caria showing a stylet (arrow) dorsally embedded in the oral
sucker.

Katsushika Ward, Yotsugi, Higashi-Yotsugi and Nishi-
Shinkoiwa in Katsushika Ward, and Nishi-Kasai in
Edogawa Ward (Fig. 1). The prevalence of metacercariae at
these 6 locations varied from 5 to 89% (Table 1). We iso-
lated 2,311 metacercariae from these 177 infected crabs.
The number of metacercariae collected from an infected
crab ranged from 1 to 190, with an average of 13.1. The
average was 2.5 per crab for all crabs examined. The high-
est incidence (89%) of metacercarial infection and the larg-
est number (32.9) of the mean burden per infected crab was
found in Yotsugi in Katsushika Ward. We did not find
Paragonimus metacercaria in 745 crabs collected from
Funato in Itabashi Ward, Akabane in Kita Ward, Kohoku
and Umeda in Adachi Ward, Hirai in Edogawa Ward and
Shinsuna in Koto Ward.

We also attempted to collect crabs from the banks of the
Sumida River, which diverges from the Arakawa River at
Akabane in Kita Ward and flows into Tokyo Bay as one of
its tributaries (Fig. 1). However, we did not capture any
crabs from this river, probably because most of the banks
have been sealed in concrete.

Morphology of metacercariae from crabs: Paragonimus
metacercariae obtained from crabs were spherical, with thin

Fig. 3.

Morphology of an adult worm. (A) Dorsal view of a
mounted adult worm from the lung of the rat 70 days after
infection, stained with borax carmine, showing the testes (T)
and ovary (0). (B) Photomicrograph of cuticular spines
arranged in groups.

outer and thick inner walls (Fig. 2A). The thickness of the
inner cyst wall of the 50 specimens from Yotsugi ranged
from 2.9 to 5.2 um, with an average of 4.1 um. The longi-
tudinal and transverse diameter of the inner cyst freed from
the outer cyst ranged from 262 to 331 ym and from 196 to
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Table 2. Experimental infection of rats with metacercariae of P. ohirai

Duration of Rate of mc No. of adult flukes recovered
Rat No. Source of mc? Dose infection recovered as Pleural
of me (days) adult flukes (%) Total cavity ungs
1 Yahiro 20 42 15 3 0 3
2 Yahiro 20 70 75 15 1 14
3 Yotsugi 20 42 25 5 0 5
4 Nishi-Kasai 20 47 45 9 1 8

a) Location of Arakawa River site where metacercariae-infected crabs were isolated.

b) Metacercariae.

001 : TGTCGATGAAGAGCGCAGCCAACTGTGTGAATTAATGCGAACTGCATACTGCTTTGAGCA: TKO
00l 3= o m oo e e e mmomm— e cammn g TNE
061 : TCGACATCTTGAACGCATATTGCGGCCACGGGTTAGCCTGTGGCCACGCCTGTCCGAGGG: TKO
(O OO S 1 §
*
121:TCGGCTTATAAACTATCGCGACGCCCAAAAAGTCGCGGCTTGGGTTTTGCCAGCTGGCGT: TKO
045z . ittt ittt i ittt ettt ossaaaescaaanannat TNE
181 :GATTTCCCCAATCTGACCATGTGTTGGTGGGGTGCCAGATCTATGGCGTTTCCCTAACCT: TKO
L PP S 1§
241:ATCCGGGCGTACCCATGTTGTGGCTGAAGGCCTTGGTGGGGATGTGGCAACGGAATCGTG: TKO
PP T
301:GCTCAGTGGATTATTTATGTGCGCGTTCCGTTGTCCTATCATCATCTATGGTTGATGCTG: TKO
PP i \ ) 1
®
361 : CGCATGGTGTGCGTCCGACGCCAACCTACGTATGGGCCGTGTGGCTCATTCTCCTGACCT: TKO
2 RS 1 § 1
421 : CGGATCAGACGTGAGTACCCGCTGAACTTAAGCATATCACTAA: 463: TKO
2 - T LT TR S Uy : 363: TNE
Fig. 4. Sequence of the ITS2 region. The nucleotide sequence of the ITS2 (plus flanking region)

obtained from the metacercariae in this study (TKO) was aligned with the ITS2 sequence from P.
ohirai isolated from the Tanegashima Island of Kagoshima Prefecture, Japan (TNE, accession num-
ber: U96911). Identical bases are represented by dots. A hyphen indicates no sequence data. An
asterisk denotes the putative ITS2 origin and terminus, thus the ITS2 5’ and 3’ sequence termini are
within the 5.8S and 28S rDNAs, respectively. The numbers refer to the alignment positions.

282 pm, respectively, with an average of 302 x 232 um. All
larvae had a stylet in the oral sucker and red granules in the
body (Fig. 2B).

Infection of rats with metacercariae and morphology of
adult worms: We necropsied 4 rats 42 to 70 days after inoc-
ulation with Paragonimus metacercariae collected from 3
locations along the Arakawa River (Table 2). The lungs and
pleural cavities of infected rats contained from 3 to 15 adult
worms with an average of 8.0. The average size of 20
mounted adult worms from the 4 rats was 7.4 X 3.7 mm,
ranging from 6.4 to 8.8 mm in length and from 2.9 to 5.0
mm in width. The ratio of body length to width ranged from
1.5 to 2.4, with an average of 2.0. The average transverse
diameters of the oral and ventral suckers were 616 and 792
m, respectively. The ventral sucker was always larger than
the oral sucker and was situated somewhat anterior to the

middle of the worm body. The ovary was intricately rami-
fied with a coral-like appearance (Fig. 3A). The seminal
receptacle was small but filled with spermatozoa. The
uterus was situated on the opposite side of the ovary. The
testes, situated on both sides of the posterior part of the
body, were larger than the ovary. The cuticular spines were
arranged in groups (Fig. 3B).

ITS2 sequence analysis: We sequenced the ITS2 region
of the ribosomal DNA from 12 metacercariae. Alignment of
these data revealed that all of the ITS2 regions were 463 bp,
with no variation in length and composition among the spec-
imens (Fig. 4). Searches of nucleotide databases showed
that the ITS2 (plus flanking region) sequence was identical
to that of ITS2 from P. ohirai, which was isolated from the
Tanegashima Island in Kagoshima Prefecture, Japan (Gen-
Bank/EMBL/DDBJ accession number: U96911) [1].
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DISCUSSION

In Japan, the lung flukes, P. westermani, P. miyazakii and
P. ohirai, have caused symptomatic illness in humans and/
or animals. These species can be differentiated by morpho-
logical differences seen in fresh metacercariae and mounted
adult worm specimens [7, 8].

The Paragonimus metacercariae obtained in this study
had thin outer and thick inner cyst walls. The stylet in the
oral sucker and red granules in the body were identified in
all larvae examined. The adult worms from infected rats
had intricately ramified ovaries and cuticular spines
arranged in groups. These morphological features are con-
sistent only with those of the metacercarial and adult stages
of P. ohirai [2, 11, 12]. Thus, the Paragonimus metacercar-
iae found in this investigation were all identified as P. ohi-
rai. The ITS2 sequence data support this conclusion.

About 50 years ago, sporadic P. ohirai-infection was
identified in a stray dog that lived for 8 months and died in
Bunkyo Ward, Tokyo [4] (Fig. 1). However, the source of
this canine infection was not determined and since then, P.
ohirai infection of its second intermediate crab host in
Tokyo has not been documented. The data reported here
imply that this dog might have become infected with P. ohi-
rai by eating crabs from the banks of the Arakawa River.

Though the Arakawa River flows through the densely
populated Tokyo metropolitan area, the natural features and
abundant greenery of its lower part are protected and pro-
moted. The riverside provides an ideal site for recreation
and people often walk their dogs along its banks. In fact,
while collecting crabs, we observed dogs with collars run-
ning off leash at or near the water’s edge. Since we found a
high prevalence of P. ohirai metacercariae in crabs at many
locations along the Arakawa River, dogs in this area might
become infected through consuming these crabs. Therefore,
dog owners must be persistently educated about the benefits
of obeying local regulations when using riverbanks and put
dogs on a leash to prevent canine exposure to P. ohirai.
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Okinawa Prefecture experienced an outbreak of angio-
strongyliasis in January of 2000 (1). The origin of the infection’s
outbreak could not be identified. We examined the past records
of Angiostrongylus cantonensis (Ac) infection outbreaks and
investigated the current distribution of A¢’s intermediate and
paratenic hosts with infective third-stage larvae in Okinawa.
In order to find the infective larvae of Ac in the giant African
snail, Achatina fulica, the pallial organ (lung) of the snail
was compressed between two glass plates and examined
under a microscope (2) (Figs. 1A, 1B). In other host animals,
the whole body was digested in artificial gastric juice (1%
pepsin/1% HCI), and the digested material was allowed to
sediment; the sediment thus formed was then examined
microscopically. In particular, albino rats were given larvae
from Platydemus manokwari (Fig. 2) and Parmarion martensi
(Fig. 3) orally with the specimen, and identification was made
based on the morphology of the adult A¢ recovered at 59 days
post-inoculation.

As shown in Table 1, the A¢ epidemic showed different
features before and after 1990. Before 1990, 17 in 21 (80%)
of the infections were traced to their infection sources, while
after 1990 only 2 in 14 could be traced to its source. The infec-
tion was more frequent (15/21) in April- November before
1990, although it was more frequent (11/14) in December-

*Corresponding author: Mailing address: Okinawa Prefectural
Institute of Health and Environment, Ozato 2085, Ozato-son,
Okinawa 901-1202, Japan. Fax: +81-98-945-9366, E-mail:
asatoryi@pref.okinawa.jp

184

Fig. 1A. Achatina fulica (the giant African snail), the pallial organ (lung)
is shown. Scale: 1 cm.

Fig. 1B. I nfective third-stage larvae of Ac in the tissue. Scale: 100 #m.

Fig. 2. Platydemus manokwari; newly discovered paratenic host of Ac
in Okinawa. Scale: 1 cm.

Fig. 3. Parmarion martensi, newly discovered intermediate host of 4¢
in Okinawa. Scale: 1 cm.

— 246 —



Jpn. J. Infect. Dis., 57, 2004

March after 1990.

Table 2 shows the 4c-positives among the intermediate and
paratenic hosts collected in the present and in past field surveys.
In the 2000s, among six intermediate host species that were
positive in the 1970s, Satuma mercatoria, Acusta despecta,
and Bradybaena circulus became negative, and the positive

rate of 4. fulica, the prevailing host, that was 39% in the 1970s
decreased to 10% in the 2000s. Meanwhile, P. martensi whose
presence was not recognized in the 1970s became prevalent
in the 2000s, particularly in the northern part of the mainland
of Okinawa, and its infection rate was as high as 20.3%. P.
manokwari, whose presence in Okinawa was noticed recently

Table 1. Epidemiologic characteristics of angiostrongyliasis cantonensis in Okinawa,

1969-1989 and 1990-2000

Characteristics 1969-1989 (20 years) 1990-2000 (10 years)
Human cases 21 14
Age range (mean) (y) 1-68 (32.4) 11-62 (26.0)
Ratio, Male to Female 1:1.25 1:1.8
Suspected place of infection (%)

Okinawa Island 14 (66.7) 14 (100)

Miyako Island 6 (28.6) 0(0.0)

Unknown 1(4.8) 0(0.0)

Suspected source of infection (%)

Eating host with the infective larva 12 (57.1) 0( 0.0)
Achatina fulica 6 (28.6) 0( 0.0)
Veronicella alte 3(14.3) 0(0.0)
Bufo asiaticus 3(14.3) 0( 0.0)

Handling of Achatina fulica 5(23.8) 1(07)
Crushing with the bare hand 1( 4.8) 1(0.7)
Handling with the bare hand 3(14.3) 0( 0.0)
Swallowing by the play 1( 4.8) 0( 0.0)

Ingestion of a fresh vegetable 0(0.0) 1(07)

Unknown 4(19.0) 12 (85.7)

Occurrence time (%)

Apr—Nov. (Active period of 4. fulica) 15 (71.4) 3(21.4)

Dec.—Mar. (Non-active period of 4. fulica) 3(14.3) 11 (78.6)

Unknown 3(14.3) 0( 0.0)

(Ref. 6)

Table 2. Surveys of the host animals of Angiostrongylus cantonensis infective
larvae in Okinawa, the 1970s and the 2000s

Species

The 1970s"
Infected/Examined (%)

The 2000s
Infected/Examined (%)

Intermediate hosts

Terrestrial snails
Achatina fulica
Satsuma mercatoria
Acusta despecta
Bradybaena circulus
Cyclophorus turgidus
Parmarion martensi

Aquatic snail
Ampullarium sp.

Slugs
Veronicella alte
Limax valentianus
Meghimatinum confusum

Paratenic hosts

Land planarian
Platydemus manokwari

Amphibians
Bufo asiaticus
Bufo marinus
Rana catesbeiana
Rhacophorus leucomystax
Rana limnocharis

1,049/2,683 (39.1)

222/2,189 (10.1)

36/240 (15.0) 0/139 ( 0.0)
3/427( 0.7) 0/904 ( 0.0)
3/448 ( 0.7) 0/53 ( 0.0)

0/529 ( 0.0)
o 153/753 (20.3)
ok 0/3,764 ( 0.0)

76/347 (21.9) 108/783 (13.8)
9/50 (18.0) 3/78 ( 3.8)
0124 ( 0.0) 0/95 ( 0.0)

ok 227/1,613 (14.1)

37/108 (34.0) 118 { 5.6)
0/37 ( 0.0) 06 ( 0.0)
744 (15.9) *

174 (25.0) *
178 (12.5) *

*: Not examined, **: Not discovered from the field.

! Based on references 7, 8.
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in 1993 (3), also showed a high infection rate of 14.1%.

Ac infection is mediated not only by ingestion of the Ac-
carrier intermediate or paratenic hosts but also through the
ingestion of vegetables, drinking water, and by contact with
fingers that are contaminated by the infective larvae of Ac
4).

In the outbreak in January 2000 in Okinawa that involved
seven patients, the clinical symptoms and immunological
reactions were too weak for typical angiostrongyliasis and
were somewhat similar to those of infection by low doses
of Ac larvae. In the epidemic, larvae-contaminated fresh
vegetables such as lettuce and cabbage were suspected as the
source of infection. The first Ac infection case via a fresh
vegetable salad had been reported for a patient who devel-
oped symptoms 7 days after a short trip to Okinawa in
December 1999 (5). Among the 52 A4c cases reported so far
in Japan, 35 were from Okinawa Prefecture (6).

As already indicated, the peak season of infection was
displaced from April-November to December - March, and
tracing the infection to its source has become more difficult
in recent years. The displacement of the outbreak season
coincided with the decline in the infection rate in 4. fulica
that is more active in April - November and the appearance of
new hosts P. martensi that is more active in the winter season,
while P. manokwari is active throughout the year. In relation
to the displacement of the outbreak season, it should be noted
that the harvest season for lettuce is November-May and that
for cabbage is November-July.

Ac-infected P. martensi and Veronicella alte were exam-
ined histologically. Ac larvae were present in the muscular
layer just beneath the body surface of these snails. However,
the former species appeared to be more easily infected
because of the less dense muscular layer and tended to contain
a greater number of larvae. P. manokwari is frequently
observed adhering to the lower side of cabbage leaves. It is
quite possible that the larvae are released from the hosts when
sliced together with the cabbage leaves in the preparation of
fresh salad.

The authors thank Prof. H. Yoshikura, Emeritus Member
of the National Institute of Infectious Diseases, for advice in
preparing this manuscript.
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121, 2004.

REFERENCES

1. Toma, H. and Sato, Y. (2000): A mini-outbreak of
angiostrongyliasis in Okinawa. Clin. Parasitol., 11, 40-
43 (in Japanese).

Kishimoto, T. (1972): A survey of Angiostrongylus

cantonensis in Okinawa. 1. Method for determination of

A. cantonensis larvae in Achatina fulica. Rep. Okinawa

Pref. Inst. Pub. Health, 6, 117-118 (in Japanese).

3. Kawakatsu, M., Oki, I., Tamura, S., Ito, H., Nagai, Y.,

Ogura, K., Shimabukuro, S., Ichinohe, F., Katsumata, H.

and Kaneda, M. (1993): An extensive occurrence of a land

planarian, Platydemus monokwari DE BEAUCHAMP,

1962, in the Ryukyu Island, Japan (Turbellaria, Tricladida,

Terricola). Biol. Inl. Water, no. 8, 5-14.

Alicata, J. E. and Jindrak, K. (1970): Angiostrogylosis in

the Pacific and Southeast Asia. C C Thomas, Publisher,

Springfield, Iil.

5. Hattori, H., Kato, T., Nagato, M., Okano, C., Suzuki, H.,

Nawa, Y. and Nakahata, T. (2001): Eosinophilic menin-

gitis caused by Angiostrongylus cantonensis infection in

Okinawa. J. Jpn. Pediat. Soc., 105, 719-721 (in Japanese

with summary in English).

Asato, R., Taira, K., Nakamura, M., Kudaka, J. and

Itokazu, K., (2002): Emerging and re-emerging infec-

tion investigation report in Okinawa: Epidemiological

studies on Angiostrongylus cantonebsis (1). Okinawa

Prefectural Institute of Health and Environment. p. 12

(in Japanese).

7. Asato, R. and Kishimoto, T. (1976): A survey of
Angiostrongylus cantonensis in Okinawa. 6. Distribution
and positive rate of 4. cantonensis in mollusks and
frogas. Rep. Okinawa Pref. Inst. Pub. Health, 9, 50-55
(in Japanese).

8. Asato, R., Sato, Y. and Otsuru, M. (1978): The occurrence
of Angiostrongylus cantonensis in toads and froga in
Okinawa prefecture, Japan. Jpn. J. Parasitol., 27, 1-8.

— 248 —



HEERNE, 63(5) | 473-476, 2005

63 . 473

PETERE M D—B & % > 7=
i 6 5 ERAE D 1 B

* ZIK )I/ ‘ **1)

= 1 %
EZ!K%"E{B**

=S ST 1
N B

Key Words : neurocysticercosis, ring-enhanced lesion, positron
emission tomography, guideline, treatment

iU oI

B ST RAE AT CRFETH B A, K -
HER - 4 v FRmEREOTVTHETIE L L
Ao, MAREDITVNADENSHICE—
ZHITAREERELR TS, BETIL, &
W ICPET % AV 72 b, JEEIRE S N2l
FLUEDJEE N A KT 4 VIZED W KE D G
ZHLICIRET 5.

E A

BE 21, PEALE.

EiF TR AR

BRTERE | [FRLEIHIT 2\,

AR PEIBEIIE NI VY VB EOEEE
T 1EFENICEA L.
IRRAE | 20034E12H 300, BEHIZ 3~5 Ok
TV AZYE (B R, 7Jﬂw=%,ﬁﬁ
BEEEO)N2ES Y, Btry—HEskE
L7z REBTOWIRARE L, thofgs
KIFTR & BE 2o 7275, HEERCTTEREIEC

BRI A2 20, ERICL ) Fo—8») 7
Riz#maIn, WEHCTTHAEZELH D, Mk
BLURRBELELON, MEBHNTHEIIAR
L7.

AREREZRAE | RIR37.5C, BRIAER93/4
M 126/54mmHg. § - JEERPIUBIICEF 72 <,
FETHH S 2o,

HRFAMA | BREEH, TR AlTzw,
ERERE, RitRAREeHI, EEfR, RESR, T
BE, BEMERICEEZEDR Lo 7.

MRAREFR R . WBC 12,640/l (Neu 79.6%,
Lym 14.1%, Mono 5.8%, Baso 0.1%, Eosino
0.4%), CK 180IU/! (IE¥f& 0~1651U/1), CRP
0.27mg/dl, IgE 341U/mi (0~199.91U/m!) T&
D, BIIEKEE CKICEE FANALNIE0IE
BEELRholz.

PR E R R - #E15.5cmH-0, flfafk 1.3/u/
(%#43k 0.3/, BA%ER 1.0/ul), 48 72mg/dl (|7
RIS 80mg/dl), & H 13mg/dl, IgG 1.06mg/d!,
IgG index 0.44.

R o BREEEED 9~10Hz, 30~100uV D o, i H°

* A case of neurocysticercosis diagnosed with positron emission tomography (PET). (Accepted September 30,

2005).

** Lumine MATSUMOTO, M.D., Megumi UBANO, M.D., Yoshikazu UESAKA, M.D., Ph.D. & Masanari
KUNIMOTO, M.D., Ph.D.: EIi EREE L » & — 2 NE ($162-8655 B A TEX 7 1111-21-1] ; Department
of Neurology, International Medical Center of Japan, Tokyo 162-8655, Japan.

*** Masanori KAWANAKA, D.V.M., Ph.D.: B 37 B ERTFE AT & A B &K ; Department of Parasitology, National

Institute of Infectious Diseases, Tokyo, Japan.

D OREARFES

ER T B R B A iR P R ($113-8655 B HUER L R X A 7-3-1)

— 249 —



63 . 474

= 1

R, HEIEMICHEE LERIIRT. £F
EREFEHETR L &bz:cw

BOER X 48 . AR MBI EBER TS 5.

BAERCT © 4AS2, S6IREIZIR > TEHHETHH
wEL, FORBECT NI AENHALNS.

ABRBIEE | ARk, 3, gl i,
FIER X AR BT RGO 72, EHMCTTOD
EERZICELT, YWIEBELRE LT b
JT7EV4g/BEES L. 72, fUiTwvwih
AFEE L T7 2= A »250mg/ B D5 % Bt
L7z, 88 9¥%H (20044E 1 A 8 H) IZBEEMRI %
WR L7282 A, IERIBEEEICEBLY) v 7RIS
—ERDFEEIRICHEER SN AR 1 ecmba O E
faMmEE RO (H1-A,B). FORBHEIZITF

250

MR B63% B 52

Transition of the magnetic resonance imaging of the brain from January 8 (A, B)
to January 23(C, D)

(A)T1-weighted MR image after contrast administration showing a ring-like enhanced
cyst with a scolex inside. (B) Edematous lesion around the cyst on FLAIR image. (C)
Tl-weighted image with gadolinium enhancement and (D) FLAIR image of fifteen days
later. The enhancement of the cyst and surrounding edema decreased without any
treatment.
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2 PET images of the brain. (A)'®F-FDG-PET
shows a decreased uptake of frontal mass
lesion. (B)'"'C-choline-PET shows a partial
uptake.
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< Abstract>

A case of neurocysticercosis diagnosed with
positron emission tomography (PET).
by
Lumine MATSUMOTO, M.D., Megumi UBANO,
M.D., Yoshikazu UESAKA, M.D., Ph.D,
Masanari KUNIMOTO, M.D., Ph.D. &
*Masanori KAWANAKA, D.V.M., Ph.D.
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Center of Japan, Tokyo 162-8655, Japan and *Depart-
ment of Parasitology, National Institute of

Infectious Diseases, Tokyo, Japan.

We report a 21-year-old Chinese woman of neurocys-
ticercosis starting with convulsive seizure. CT scan dis-
closed a mass lesion in her left frontal lobe and its mar-
gin was ring-enhanced by contrast media. The initial
diagnosis was a brain abscess, but a characteristic find-
ing of nodular tip in the enhanced circular lesion by
magnetic resonance imaging ( MRI) strongly indicated
neurocysticercosis. The positive reaction to Taenia
solium was detected through serological analysis us-
ing Western blot techniques. The lesion was sur-
rounded by edema, which implied that the Taenia
solium had already been dead and degenerated. 18F-
FDG-PET showed a decreased uptake lesion in which
partial uptake was seen in *C-choline-PET. These find-
ings with different radioisotope markers were useful for
excluding the possibility of malignant tumor or brain
abscess.

According to the newly proposed guideline, we ob-
served her without any treatment against cysticercosis
except anti-convulsants. Two weeks later, MRI showed
reduction of the contrast enhancement of the mass le-
sion and the surrounding edema, which again confirmed
the diagnosis of neurocysticercosis. Anti-convulsive
therapy should be continued until the lesion becomes
calcified because of the considerable risk of recurrent
seizure.

This is the first report of neurocysticercosis with 'C-
choline-PET finding. The mild uptake of 2'C-choline
suggested the synthesized membrane inside the le-
siom.
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MOLECULAR DISCRIMINATION BETWEEN INDIVIDUAL
METACERCARIAE OF PARAGONIMUS HETEROTREMUS AND
P. WESTERMANI OCCURRING IN THAILAND

Hiromu Sugiyama', Yasuyuki Morishima', Achariya RangsirujiB, Sutheewan Binchai’, Punsin Ketudat’,
Yosuke Kameoka® and Masanori Kawanaka'

Department of Parasitology, *Division of Genetic Resources, National Institute of Infectious Diseases, Tokyo,

Japan; Department of Biology, Faculty of Science, Srinakharinwirot University, Bangkok, Thailand

Abstract. To accurately discriminate between individual metacercariae of Paragonimus heterotremus and P
westermani occurring in Thailand, polymerase chain reaction (PCR)-based molecular methods were established
and subjected to an evaluation. We first amplified and sequenced the second internal transcribed spacer (ITS2)
region of the nuclear ribosomal DNA of the two species. Based on their nucleotide differences,
P. heterotremus and P. westermani were unequivocally discriminated from each other. These nucleotidé differences
were further utilized to select the ApaL1 endonuclease site for PCR-restriction fragment length polymorphism
(PCR-RFLP) analyses and to design species-specific primers for multiplex PCR reactions. Both PCR-RFLP and
multiplex PCR methods allowed a more rapid and labor-effective species discrimination. Furthermore, the
multiplex PCR method enabled the most efficient discrimination because species identification involved a single
round of PCR in a single tube. In Thailand, P. heterotremus is the only species affecting humans. Thus, the

methods established in the present study can be used as reliable tools to identify the lung fluke metacercariae that

cause human disease.
INTRODUCTION

Six lung fluke species have been documented to
date in Thailand: Paragonimus westermani, P.
siamensis, P. heterotremus, P. bangkokensis, P.
macrorchis and P. harinasutai (Srisont et al, 1997; Blair
etal, 1999). Identification of the metacercariae of these
lung flukes to the species level requires careful
morphological observation of not only the fresh
metacercariae, but also the adult flukes from
experimentally infected animals (Miyazaki, 1991).
This process, however, can be laborious and time-
consuming.

We recently reported the successful development
of molecular methods for the unequivocal species
discrimination between individual metacercariae of the
Japanese lung flukes, P. westermani and P. miyazakii,
which cause human infection (Sugiyama et al, 2002,
2004). Previously established methods included the
direct cycle sequencing of polymerase chain reaction
(PCR) products, PCR-restriction fragment length
polymorphism (PCR-RFLP), and direct PCR-
amplification using consensus and/or species-specific

Correspondence: Hiromu Sugiyama, Department of
Parasitology, National Institute of Infectious Diseases,
Toyama 1-23-1, Shinjuku Ward, Tokyo 162-8640,
Japan.

Tel: +81-3-5285-1111; Fax: +81-3-5285-1173
E-mail: hsugi @nih.go.jp (H Sugiyama)
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primers. All of these methods utilize nucleotide
differences in the second internal transcribed spacer
(ITS2) of the nuclear ribosomal DNA (rDNA) for
dicrimination between the two species. In the present
study, we focused on the lung flukes occurring in
Thailand and applied the methods for species
discrimination between individual metacercariae of P,
heterotremus and P. westermani.

MATERIALS AND METHODS

Parasite material and DNA isolation

The metacercariae of P. heterotremus and P.
westermani (Figs 1 and 2) were harvested from the
freshwater crab, Larnaudia larnaudii, captured in a
mountain stream in Saraburi Province, Thailand
(Kawashima ez al, 1989). DNA samples were prepared
from the metacercariae as previously described
(Sugiyama er al, 2002).

DNA amplification, restriction digestion and
sequencing

The rDNA region spanning the ITS2 from
individual metacercariae of the two species was
amplified by PCR using the primers, 38 (forward, 5'-
GGTACCGGTGGATCACTCGGCTCGTG-3) and
A28 (reverse, 5'-GGGATCCTGGTTAGTTTCTTTT
CCTCCGC-3"). These primers were designed on the
basis of the conserved rDNA sequences of the
Schistosoma species (Bowles et al, 1995) and were
previously used as consensus primers for
discriminating between the Japanese species of
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Fig 1- Photomicrograph of fresh P. heterotremus metacer-
cariae. The metacercariae were encysted with a wall
and exhibited a suboval shape. The thickness of the
wall on the side (9.5 pm on average) gradually
increased at both poles (21.6 pm on average). The
longitudinal and transverse diameters of the cyst
averaged 302 by 232 um, respectively. Bar 150 pm.

Paragonimus (Sugiyama et al, 2002, 2004). In the
present study, 0.5 uM of each primer, 2.5 units of DNA
polymerase (TaKaRa Z-Taq, Takara Shuzo, Japan) and
10 ng of the DNA samples were added to each PCR
reaction (final reaction volume, 100 ul). The resultant
PCR products (10 pl) were restricted with five units
of the ApaL.l endonuclease (New England Biolabs,
USA) at 37°C for 12 hours, then separated by
electrophoresis through 2% (w/v) agarose gels. The
intact PCR products were also electrophoresed and
excised from the gels and sequenced using the
corresponding primer and the BigDye Terminator
Cycle Sequencing Kit (Applied Biosystems, USA)
on an automated sequencer (ABI310, Applied
Biosystems). Sequence alignment and comparison
were completed using the GENETYX-WIN (version
5.0, Software Development, Japan) program.

Design of specific primers and amplification by
(multiplex) PCR

To establish a more direct PCR procedure for
species discrimination, we designed species-specific
forward primers; PhTF1 for P. heterotremus (5'-
TTCCCCAACGTGGCCTTGTGT-3', nucleotide
positions 184 to 204 for the I'TS2 region) and PwTF1
for P. westermani (5'-GTTCATGTTGCGCGTGGT
CTGCGTTC-3, nucleotide positions 351 to 376) (Fig

Vol 36 (suppl4) 2005

Fig 2- Photomicrograph of fresh P. westermani metacer-
cariae. The metacercariae were encysted with a wall
and exhibited a spherical shape. The wall thickness
averaged 14.6 pm. The diameter of the cyst ranged
from 410 to 570 pm with an average of 475 ym. Bar
150 pum.

3). The species-specific primer(s) as well as the
consensus primer(s) were incorporated into single
tubes. The multiplex PCR amplification was performed
under the conditions described above using 0.5 uM of
the consensus primers and 0.1 uM of the species-
specific primers.

RESULTS

The ITS2-PCR products were amplified from DNA.
samples of individual P. heterotremus- and P.
westermani-metacercariae using the consensus
primers, 3S and A28. Agarose gel electrophoresis
showed that the generated products were about 520
bp in size for both species. Sequence analysis of the
products revealed that the aligned ITS2 region of P.
heterotremus and P. westermani was 463 bp in length.
A pairwise comparison of the sequences showed 36
(7.8%) nucleotide differences consisting of two
deletions/insertions and 34 substitutions (Fig 3).
Similarity searches of the nucleotide databases revealed
that the ITS2 and flanking regions were identical to
those deposited in the GenBank/EMBL/DDBIJ
nucleotide databases, accession numbers AF159603 for
P. heterotremus and AF159604 for P. westermani.

The ApaLl endonuclease was selected for species
discrimination by PCR-RFLP based on the theoretical
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Fig 3- Aligned nucleotide sequences of the ITS2 region from P. heterotremus (Ph) and P. westermani (Pw) metacercariae. A

hyphen indicates an alignment gap. A dot in the P. westermani sequence indicates a nucleotide identical to that in
F. heterotremus. The 5' and 3' ends of the sequences include the 5.8S rDNA and 285 rDNA, respectively. The recognition
site of the Apal.l endonuclease (G/TGCAC) is boxed. The locations of the P. heterotremus-specific forward primer
(PhTF1; 5'-TTCCCCAACGTGGCCTTGTGT-3") and P. westermani-specific forward primer (PwTF1; 5'-
GTTCATGTTGCGCGTGGTCTGCGTTC-3") are underlined. Numbers refer to the actual length of the nucleotide sequences.

restriction maps generated from the ITS2 sequences
of the two species (Fig 3). When the enzyme was
applied, expected results were obtained. The PCR
product of P. heterotremus (520 bp) was cleaved,
thereby producing two fragments with sizes about 350
and 170 bp (Fig 4). In contrast, the PCR product of P,
westermani remained unrestricted (Fig 4).

For species discrimination by direct PCR, the P.
heterotremus-specific and P. westermani-specific
primers (PhTF1 and PwTF1, respectively) were
designed on the basis of the nucleotide differences in
the ITS2 region. The specificity of these primers was
evaluated as to whether they could amplify different
sized species-specific fragments only from the
respective DNA samples in combination with the
primer A28, As expected, the PhTF1-A28 primer set
amplified a PCR product of about 310 bp from P,
heterotremus DNAs, but not from P. westermani
DNAs. In contrast, PwTF1-A28 amplified a product
of about 140 bp from P. westermani DNAs, but not
from P. heterotremus DNAs (figure not shown).

Having demonstrated the species-specificity of the
PhTF1 and PWTF1 primers, both were incorporated

104
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Fig 4- PCR amplification products of the JTS2 region from
P. heterotremus (lanes 1 and 2) and P. westermani
(lantes 3 and 4) metacercarial DNAs. The ITS2-PCR
products were then restricted with the Apall
endonuclease (lanes 2 and 4). The 100-bp DNA ladder
marker was used to estimate the size of the fragments
(lane M).

Vol 36 (suppl 4) 2005

— 256 —



MOLECULAR DISCRIMINATION BETWEEN P, HETEROTREMUS AND P. WESTERMANI

1 2 M

Fig 5- Results of multiplex PCR amplifications from P.
heterotremus (lane 1) or P. westermani (lane 2)
metacercarial DNAs. For amplification, two species-
specific primers, PhTF1 and PwTF1, were
incorporated into single tubes containing the two
consensus primers, 3S and A28. A 100-bp DNA ladder
was used to estimate the size of the fragments (lane
M).

into single tubes with the two consensus primers, 3S
and A28, and then a multiplex PCR amplification was
carried out. As a result, two PCR products of about
520 bp and 310 bp were amplified from the P.
heterotremus DNAs and products of about 520 bp and
140 bp were amplified from the P. westermani DNAs
(Fig 5). The amplified PCR products were sequenced,
which confirmed that they corresponded to the ITS2
region of the rDNA from their respective species.

DISCUSSION

The phylogenetic relationships of the Paragonimus
species occurring in Thailand have been studied using
genetic markers in the ITS2 region of rDNA (Blair et
al, 1998, Iwagami et al, 2000). In these studies, the
ITS2 sequences were generated from DNA samples
prepared from adult worms using the consensus PCR
primers, 3S and A28. Using these primers, we
demonstrated that the ITS2 sequences were generated
from the individual metacercariae of P, heterotremus
and P. westermani. By pairwise comparison of the
generated products, the two species were unequivocally
discriminated from each other. These nucleotide
differences were utilized to select the Apal.l
endonuclease for the PCR-RFLP analyses and to design
species-specific primers for the multiplex PCR
reactions, both of which allowed the more rapid and
labor-effective discrimination between P. heterotremus
and P. westermani at the metacercarial stage.
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In Thailand, the metacercariae of P. heterotremus
and P. westermani have been detected in the same crab
species (Kawashima et al, 1989; Blair et al, 1998) but
only the former is known to affect humans (Srisont et
al, 1997, Blair et al, 1998). Thus, the discrimination
methods established in the present study can be used
as reliable tools to identify the lung fluke metacercariae
that cause human disease.

Of the molecular methods examined, we confirmed
that the multiplex PCR method allowed the most
efficient discrimination because only a single-round
PCR was required. By this method, species-specific
products of different sizes were produced from the P.
heterotremus (310 bp) and P. westermani (140 bp)
DNA samples. Atthe same time, 520 bp-products were
also generated from the DNA samples of both species,
which could serve as sets of internal controls to confirm
the integrity of the PCR reactions and might function
as diagnostic reagents for the (genus and) species
identification(s) (Sugiyama et al, 2004). In fact, we
found that the 520-bp product alone was generated
from DNA samples of P. harinasutai metacercariae
whose crab host is identical to that of P. heterotremus
and P. westermani (data not shown). Further studies
are in progress to evaluate the usefuiness of the
established multiplex PCR method for species
discrimination and/or identification using DNA
samples from the remaining three species of lung flukes
occurring in Thailand (P. siamensis, P. bangkokensis
and P. macrorchis).
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